Spiroplasma strain DU-1' (T = type strain), which was isolated from hemolymph of the corn rootworm Diabrotica undecimpunctata (Coleoptera: Chrysomelidae), was serologically distinct from other spiroplasma species, groups, and subgroups. Cells of strain DU-lT were shown by light microscopy to be helical motile filaments. Electron microscopy revealed cells bounded by a single cytoplasmic membrane, with no evidence of a cell wall. The organism was not sensitive to 500 U of penicillin per ml. Strain DU-1' grew well in SM-1, MlD, and SP-4 liquid media, in broth supplemented with 1% bovine serum fraction or conventional horse serum, and under both aerobic and anaerobic conditions. This organism did not appear to have a sterol requirement for growth, as has been reported for several other Spiroplusma species or strains. Optimal growth occurred at 32"C, with a doubling time of 0.9 h; strain DU-1' multiplied at 10 to 41°C but failed to grow at 5 or 43°C. It produced acid from glucose but hydrolyzed neither arginine nor urea. The results of reciprocal serologic tests in which antigens or antisera to established Spiroplasma species, groups, subgroups, and putative groups were used indicated that strain DU-lT was serologically distinct. This organism has a DNA guanine-plus-cytosine content of 25 f 1 mol% and a genome size of 1,350 kbp. Strain DU-lr is a member of a cluster of fast-growing insect-associated spiroplasmas, as determined by sequence analysis of 16s rRNA. On the basis of the results of this study and previously published data, strain DU-1 (= ATCC 43210) is designated the type strain of a new species, Spiroplusma diabroticae. (19, 25) are universally associated with arthropods and, in most instances, insects (3, 5). Spiroplasma strain DU-lT (T = type strain) was isolated from the hemolymph of an adult southern corn rootworm beetle, Diabrotica undecimpunctata howardi (Coleoptera: Chrysomelidae), collected on alfalfa in late November in Maryland (3,4). Larvae of this insect feed on the roots of corn and other grasses, but adults feed on various plant tissues, often causing economic damage. Isolation of spiroplasma strain DU-lT from an economically important insect focused attention on its possible use in biological control of insects (6). In 1987, strain DU-lT was classified as a group XI1 organism in the spiroplasma group classification system (18). In this paper we report fulfillment of the minimum standards for species descriptions (8) and name strain DU-lT (= ATCC 43210T) Spiroplasma dia broticae.
Members of the genus Spiroplasma (19, 25) are universally associated with arthropods and, in most instances, insects (3, 5) . Spiroplasma strain DU-lT (T = type strain) was isolated from the hemolymph of an adult southern corn rootworm beetle, Diabrotica undecimpunctata howardi (Coleoptera: Chrysomelidae), collected on alfalfa in late November in Maryland (3, 4) . Larvae of this insect feed on the roots of corn and other grasses, but adults feed on various plant tissues, often causing economic damage. Isolation of spiroplasma strain DU-lT from an economically important insect focused attention on its possible use in biological control of insects (6) . In 1987, strain DU-lT was classified as a group XI1 organism in the spiroplasma group classification system (18) . In this paper we report fulfillment of the minimum standards for species descriptions (8) and name strain DU-lT (= ATCC 43210T) Spiroplasma dia broticae.
MATERIALS AND METHODS
Spiroplasma strains. The techniques used to isolate strain DU-lT from insects have been described previously (10) . Strain DU-lT was isolated from the hemolymph of an adult southern corn rootworm beetle, D. undecirnpunctata howardi (Coleoptera: Chrysomelidae), collected on alfalfa in late November in Maryland. The strain was purified by conventional filtration-cloning (15) . Representative strains of previously recognized spiroplasma groups and subgroups and tentative new groups (17-19, 23, 25) , including the type strains of all rpecies, were also used in this study. Culture medium and cultivation techniques. Strain DU-I' was grown in primary culture in SM-1 liquid medium (21) at room temperature. After several broth passages the isolate was lyophilized. For characterization studies. an early line was revived and passaged twice at 30°C before cloning. Following cloning, representative strain DU-lT was used in characterization studies. Othcr culture media employed (21) included M1D and SP-4 media and broth medium supplemented with horse serum or 1% bovine serum fraction (14) . A solid formulation of SP-4 medium was prepared by adding Noble agar (Difco Laboratories, Detroit, Mich.) to a final concentration of 2.25%. Agar cultures of strain DU-I.r were incubated at 30°C either aerobically with 5% carbon dioxide (GasPak system; BBL Microbiology Systems. Cockeysville, Md.) or anaerobically (Hydrogen GasPak system). Temperature requirements for growth were assessed as previously reported (9) .
*
Morphological studies. Cells of strain DU-lT in the logarithmic phase wcrc examined by dark-field microscopy at a magnification of X 1,250. The ultrastructure of strain DU-lT, as demonstrated by electron microscopy, has been reported previously (18) .
Sterol requirement. The sterol requirements for growth of strain DU-IT were assayed by a standard broth culture method (11, 14) or by testing the ability of the strain to maintain sustained growth in various serum-or Tween 80-supplemented media (12) .
Biological and biochemical properties. The procedures used to assess carbohydrate fermentation and arginine and urea hydrolysis have been described previously (1) . Filtration characteristics were determined in M1D broth by previously described techniques (15) .
Serological tests. Antiserum to strain DU-lT was produced in rabbits as previously described (26) . Hyperimmune antisera to all previously established Spiroplasma species and groups and putative groups and subgroups (17) were obtained from reference collections at the Beltsville Agricultural Research Center and the National Institute of Allergy and Infectious Discascs laboratory in Frederick. Md. Reference spiroplasma antigens and antisera were tested against strain DU-lT antigen and antiserum in reciprocal serological tests by using both metabolism inhibition and deformation techniques (24. 26) .
Genomic analysis. The DNA base composition (guanine-plus-cytosine content) and genome size of strain DU-IT have been reported previously (2. 18) .
Nucleotide sequence accession number. 
RESULTS AND DISCUSSION
Cultural and morphological properties. Strain DU-lT grew well in liquid SM-1, MlD, or SP-4 medium and on solid media prepared from these formulations. It also grew in the Edward formulation of conventional mycoplasma medium containing 15 to 20% horse serum or in mycoplasma medium containing 1% bovine serum fraction. The doubling times at 10,15,20,25, 30, 32, 37, and 41°C were 33.1, 9.2, 3.7, 2.1, 1.7, 0.9, 1.7, and 9.4 h, respectively. The optimal temperature for growth was therefore 32°C. The doubling time at that temperature was 0.9 h, making strain DU-lT one of the fastest-growing spiroplasmas known (9) . No growth was recorded during a 40-day period in broth media incubated at 5 or 43°C. Colonies (Fig. 1 ) of strain DU-lT on 2.25% ("hard") agar were granular with some satellites; "fried-egg" colonies were never observed.
Dark-field microscopy of logarithmic-phase cultures of strain DU-lT revealed numerous long helical motile filaments with six or more turns. As reported previously (18) , electron microscopy revealed filamentous cells with no evidence of a cell wall. Representative cells were about 200 to 300 nm in diameter and were surrounded by a single membrane.
Sterol requirement. In the standard broth method used to measure growth responses to sterols, strain DU-lT exhibited increased growth when cholesterol supplements were provided in serum-free base medium (Table 1) . However, strain DU-lT was able to maintain sustained growth for more than 23 serial passages in medium without serum or sterol supplements (12) , suggesting that it does not have a specific growth requirement a Reciprocal of the endpoint in deformation tests in which the antigen of the strain was tested against the homologous antiserum.
Reciprocal of the endpoint in deformation tests in which the antiserum to the strain was tested against the homologous antigen.
Reciprocal of the endpoint in metabolism inhibition tests in which the antigen was tested against the homologous antiserum.
Reciprocal of the endpoint in metabolism inhibition tests in which the antiserum was tested against the homologous antigen.
The value in parentheses is the homologous titer of antisera against which strain DU-lT cross-reacted when it was used as the antigen in heterologous tests.
fHomologous titer of strain DU-lT in the test system. The values were obtained only once but are included for completeness.
for sterol. Several other Spiroplasma species or strains apparently lack a requirement for sterol for growth (12) .
Biochemical and biological properties. Strain DU-lT fermented glucose with production of acid, but no evidence of , arginine or urea hydrolysis was observed. Passage of broth cultures of strain DU-lT through 450-or 300-nm-pore-size membrane filters did not reduce the viable cell titer ( lo9 colorchanging units per ml). The titer of a broth culture filtrate obtained after passage through a membrane with 220-nm pores was reduced about 10-fold (to lo8 color-changing units per ml); the filtrate obtained after passage through a membrane with 100-nm pores did not contain viable cells.
Serological tests. Metabolism inhibition and spiroplasma deformation tests (Table 2 ) demonstrated that strain DU-lT was serologically unrelated to representatives of all previously recognized Spiroplasma species and groups and putative groups and subgroups (18) . Moderate or large one-way cross-reactions were observed when antiserum directed against strain DU-lT reacted with flower strain BIUS-1, scorpionfly strain PLHS-1, and dragonfly strain PALS-1. The cross-reactions with these strains were not significant, since antigens of these strains, all of which are candidates for group status (23), also reacted with antisera to a variety of other groups. Reciprocal cross-reactions in the DF test between strain DU-lT and group I11 flower strain 23-6T (Spiroplasma floricola) suggested a possible lowlevel relationship, but this was not confirmed in MI tests. Since reciprocal reactivity in at least two serological cross-reactions is required to establish a relationship (22) , our evidence indicates that strain DU-lT is a representative of a distinct new Spiroplasma group.
Genomic characterization. The base composition (guanineplus-cytosine content) of the DNA of DU-lT has been reported to be 25 & 1 mol% (18) , and the genome size has been reported to be 1,350 kbp (2) .
Phylogenetic position. Spiroplasma strain DU-lT was shown to cluster with five other fast-growing insect-associated species (Spiroplasma monobiae, Spiroplasma taiwanense, Spiroplasma apis, Spiroplasma clarkii, and group XXIII strain TG-1, as determined by a sequence analysis (20) of 16s rRNAs.
Habitat. Strain DU-lT was isolated from the hemolymph of an adult southern corn rootworm beetle (cucumber beetle) with a heavy hemolymph infection, as determined by dark-field microscopy (3, 4) . Larvae of the host beetle feed on the roots of corn and other grasses; adults feed on leaves, fruits, and flower tissues of many plant species. Noncultivable spiroplasmas have been observed regularly in the hemolymph of Diabrotica spp. from Maryland and Peru (7) . Because strain DU-lT grows extremely rapidly, it is very unlikely that the noncultivable spiroplasmas that have been observed are related to strain DU-lT. In several trials, strain DU-lT infected Diabrotica balteata adults and Colorado potato beetle (Leptinotarsa decemlineata) adults. Strain DU-lT is not known to be pathogenic to any of its hosts. Spiroplasmas have been considered for use as possible vectors for toxin genes (6); the Colorado potato beetle and its specific spiroplasma, group XX strain LD-1, have been used as a model (5) .
The properties of strain DU-lT described in this paper fulfill proposed criteria (8) for species belonging to the class Mollicutes (16) . Properties mandating assignment to this class include the absence of a cell wall, filterability, and penicillin resistance. Two morphological features of strain DU-lT, helicity and motility, and the inability of strain DU-lT to utilize urea place this organism in the family Spiroplasmataceae (13) . Finally, a serological comparison of strain DU-lT with representatives of other Spiroplasma species and groups demonstrated that this organism is a member of a distinct species. Accordingly, we propose the name Spiroplasma diabroticae for strain DU-1 T. The taxonomic description below summarizes the properties of this new species.
Description of Spiroplasma diabroticae sp. nov. Spiroplasma diabroticae (di. a. bro' ti. cae. M.L. gen. n. diabroticae, from Diabrotica undecimpunctata, the chrysomelid beetle from which the organism was isolated).
Cells are filamentous, helical, and motile, vary from 200 to 300 nm in diameter, and lack true cell walls. Colonies on solid mcdium supplemented with 0.8% agar are diffuse, without fried-egg morphology.
Chemoorganotroph. Acid is produced from glucose. Does not hydrolyze arginine or urea.
Sterol is not required for sustained growth. The temperature range is 10 to 41°C; the optimum temper-
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